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ment and its participation in the regulation of tbx5 and
potentially other genetic pathways.
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component of primitive and definitive hematopoiesis
Joanna M. Tober 1, Anne D. Koniski 1, Radhika Vemishetti 2,
Rachael L. Emerson 1, Kathleen E. McGrath 1,
Richard Waugh 2, Palis 1
1 Center for Pediatric Biomedical Research,
University of Rochester, USA
2 Department of Biomedical Engineering,
University of Rochester, USA
Platelets are small anucleate cells essential for maintaining
vascular integrity after tissue injury. Unipotential megakaryo-
cyte progenitors produce thousands of mature discoid platelets.
In the adult, megakaryocyte progenitors are thought to arise from
bipotential megakaryocyte/erythroid progenitors (MEP), how-
ever, little is known about the developmental origin of the
megakaryocyte lineage. We previously determined primitive
and definitive erythroid lineages emerge during gastrulation
from hemangioblast precursors. Our data show that the
megakaryocyte lineage arises from hemangioblast precursors
shortly after the onset of gastrulation. Two waves of megakar-
yocyte progenitors form in the yolk sac, each associated with
previously unrecognized yolk sac bipotential-MEP. Primitive-
MEP first emerge at E7.0 followed by definitive-MEP beginning
at E8.25. Megakaryocytes progenitors and definitive-MEP are
subsequently found in the newly formed circulation and fetal
liver. Megakaryocyte cells were evident in the yolk sac
beginning at E9.5, while circulating platelets were detected in
the embryonic bloodstream, as early as E10.5. These platelets
are morphologically distinct from adult platelets by size, shape
and degree of reticulation. Our studies indicate that commitment
to the megakaryocyte lineage occurs during gastrulation and that
the megakaryocyte lineage is closely associated with erythroid
lineages throughout ontogeny.
doi:10.1016/j.ydbio.2006.04.419
389
Complexity of murine yolk sac hematopoiesis
Kathleen E. McGrath, Tober M. Joanna, Koniski D. Anne,
Kingsley D. Paul, Palis James
Center for Pediatric Biomedical Research,
Department Pediatrics, University of Rochester Medical Center,
USA
Recently, the paradigm of mammalian embryonic hemato-
poiesis has been significantly challenged. Early observations of
red blood cell (RBC) ontogeny led to a two-wave model of
hematopoiesis. First, a transient wave of ‘‘primitive’’ large
nucleated erythroblasts, reminiscent of non-mammalian RBCs,
arises from yolk sac extra-embryonic mesoderm at embryonic
day 8 (E8) in the mouse. Second, smaller enucleated ‘‘defini-
tive’’ RBCs enter the blood-stream from the fetal liver beginning
at E12.5 and postnatally from the adult bone marrow. It was
assumed that definitive hematopoiesis derives solely from
transplantable hematopoietic stem cells (HSCs) with full
myeloid and lymphoid potential that arise within the embryo
at E10.5. We have found that primitive erythropoiesis shares
characteristics reminiscent of definitive hematopoiesis, includ-
ing the production of enucleated RBCs and an association with
other lineages. Even more intriguing, yolk sac mesoderm creates
a wave of definitive hematopoietic precursors before the
emergence of HSC that contains erythroid, megakaryocyte,
and several myeloid lineages. However, it is not yet known if this
extra-embryonic definitive wave contains all myeloid lineages
or possibly even lymphoid fates. We hypothesize that the
provision by the yolk sac of a bolus of primitive red blood cells
as well as short-term engrafting definitive hematopoietic
precursors sustain embryonic survival and growth until emerg-
ing HSCs can generate mature hematopoietic progeny.
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Sonic Hedgehog (Shh), expressed at the posterior limb bud
margin, regulates both digit number and anterior–posterior
(AP) pattern. Experimentally, increasing Shh doses lead to
formation of progressively more posterior digit types. There
are several models addressing the mechanism of digit
patterning by Shh, including the classic spatial morphogen
gradient model and a more recent expansion-based temporal
Shh gradient model, which both propose that the highest
cumulative levels of Shh signaling (either concentration or
over time) specify the most posterior-type digit identity.
However, other recent work indicates that posterior cells
become refractory in response to Shh signals over time. We
have used a tamoxifen-dependent, Cre-ER transgene expressed
in limb mesoderm together with a Shh conditional (floxed)
null allele to determine the temporal sensitivity of digits to
loss of Shh signaling. Unexpectedly, the observed order of
digit loss following recombination at different times (3, 5, 2,
4) does not fit well with any of the current models. Moreover,
at time points where more than one digit still forms, the
remaining digits are normal morphologically. Expression of an
early condensation marker suggests that the observed order of
digit loss reflects the order of normal digit condensation
formation. Taken together, these data suggest that Shh
regulates digit identity and pattern only very early and
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transiently, and may act more as a trigger than a morphogen.
Later, Shh may be required mainly to ensure an adequate cell
mass (via survival, proliferation) and enable formation of
normal digit number.
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CtBP2 is expressed in developing joints of murine limb
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We used a transgenic mutant with ROSA beta-geo inserted 5’
to the ORF of mCtBP2 (Baker et al. 1997 Dev. Biol. 185:201–
214) to study joint development in murine fore and hind limbs.
mCtBP2 encodes a transcriptional corepressor protein known to
interact with the transcription factor delta EF1, among others.
Homozygous mCtBP null mice on a B6/CH3 background die
before limb bud formation. Homozygous delta EF1 null mutant
mice exhibit joint fusions (Takagi et al. 1998 Development
125:21–31). We find cartilaginous anlagen of limb skeletal
elements in heterozygous embryos from E12.5 express mCtBP2
as indicated by X-gal staining. However, in limbs from E13.5 to
E16.5 X-gal staining diminishes in mature chondrocytes,
remains in the perichondrial area, and strongly increases around
the articular cartilage at developing joints. Using an antibody to
Collagen I, immunocytochemistry of sectioned limbs from
E15.5 show mCtBP2 expression is strongest just peripheral to
the perichondrium, suggesting that mCtBP2 may participate in
delineating a boundary between adjacent perichondria of the
joint. Moftah, et al. 2002 (Dev Bio 249:270–282) showed that
chick limb bud micromass cell cultures treated with FGF2 and
FGF8 exhibit peripheral and perinodal inhibition of chondro-
genesis resulting in well-spaced nodules whereas chick embryos
treated with morpholino to FGFR2 in ovo exhibit joint fusions.
In micromass cultures of the transgenic limb bud cells, mCtBP2
expression is strongly enhanced by treatment with FGF2 but
unaffected by FGF8 or FGF10. J.S. is grateful for the help and
support of Gary E. Lyons, U.W. Medical School, Madison WI
and of Goucher College.
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BMP signaling has been implicated in patterning the
developing vertebrate limb. To dissect the role of BMP
signaling in the limb bud mesenchyme, we have inactivated
the BMP receptor 1A (Bmpr1a ) using the Ap2Cre mouse line.
In the mutant autopod, phalanges are absent, metacarpals/
metatarsals are fused and carpals/tarsals are malformed. To
study the molecular mechanism involved in this phenotype, we
examined Fgf4 and Fgf8 expression, which encode the principle
activity in the apical ectodermal ridge (AER) required for
proximal–distal outgrowth. However, we found almost no
change in their expression except for an expanded expression
domain in the anterior hindlimb AER at E11.5, thereby
excluding a lack of AER-FGF as an explanation of this
phenotype. We also detected no significant difference in the
expression of genes from different Hox clusters, suggesting that
early patterning may not underlie the Ap2Cre; BmpR1a defect.
Sox9 expression, which is an early indicator of chondrogenic
fate, showed little change in E10.5 embryos. However, soon
after E10.5, Sox9 expression begins to change and is
transformed in 11.5 embryos, recapitulating the skeletal pattern.
During this period of changing Sox9 expression ( E10.5–
E11.5), we detected an increase in cell death in mutant limb
buds. Thus we speculate that until E10.5 cartilage precursors in
mutant buds are present but excess apoptosis impedes produc-
tion of a sufficient progenitor population to form condensations
of an adequate size for progression to normal differentiation.
Thus, a principle role of BMPs in the early limb bud may not be
patterning per se but cell survival.
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Precise execution of developmental programs requires that
signaling center activity is appropriately regulated. We are
addressing how the bHLH transcription factors Twist1 and
Hand2 control signaling activity during vertebrate limb
development.
Defining the role of Twist1 in limb patterning has been
difficult. While Twist1 null embryos have early molecular
defects, early lethality precludes morphological analyses. We
generated a Twist1 allelic series using Twist1 hypomorph and
null alleles. These embryos allow correlation of early molecular
and late skeletal phenotypes. As Twist1 activity is reduced,
there are progressively more complex patterning defects,
including preaxial polydactyly, anterior element loss and girdle
defects. Many defects are rescued by reducing Hand2 dosage,
underlining the importance of relative Twist1 and Hand2 levels.
Twist1 has multiple molecular roles that vary temporally
and spatially, that are subject to quantitative and qualitative
thresholds, and that involve multiple targets including tran-
scription factors and signaling molecules. Interestingly, the
molecular defects are not the most obvious that might be
predicted from the morphological phenotypes, likely due to
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